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by
C. H. Baker, Jr., H y d r o l o g i s tU. S. Geologi ca l Survey

A B S T R A C T
The H e b e r - K a m a s - P a r k C i t y area encompasses about 810 square m i l e s in W a s a t c h andS u m m i t C o u n t i e s , i n north-central U t a h , a n d i n c l u d e s f o u r m o u n t a i n v a l l e y s — H e b e r V a l l e y ,Rhodes V a l l e y , P a r l e y s Park, and Round V a l l e y — w i t h most o f the s u r r o u n d i n g watersheds.P a r l e y s Park and most of Rhodes V a l l e y are in the Weber River d r a i n a g e ba s in; H e b e r and RoundV a l l e y s are in the Provo River dra inage basin.
The Provo River rises in the southwestern U i n t a M o u n t a i n s and f l o w s to U t a h Lake. AtDeer Creek Dam, on the boundary of the s tudy area, the average annual d i s charge of the ProvoRiver for the 14-year period 1953-67 was 256,300 acre-feet per year; an a d d i t i o n a l 33,900acre-fee t per year (average) was d iver t ed for use out s ide the dra inage basin. An average of 68,000acre-fee t of water per year is added to the Provo River by d i v e r s i o n f r o m o ther d r a i n a g e basins.
The W e b e r River ha s i t s h eadwat er s in the nor thwe s t ern U i n t a M o u n t a i n s , and f l o w s t oG r e a t Sal t Lake. The average d i s c h a r g e o f t h e W e b e r River below W a n s h i p Dam near th e northend of the s tudy area, for the 10-year per i od 1957-67, was 110,000 acre- f e e t per year. D u r i n gthat p e r i o d , an average of 50,600 acre- f ee t per year was diverted f r o m the d r a i n a g e basin aboveW a n s h i p Dam. The surface-water discharge f r o m Parleys Park enters the Weber River belowW a n s h i p Dam t h r o u g h East Canyon Creek and S i l v e r Creek; the di scharge f r o m P a r l e y s Parkaverages about 20,000 acre-feet per year.
The conso l ida t ed rocks of the Wasatch Range and U i n t a M o u n t a i n s contain largeq u a n t i t i e s of ground water, m o s t l y in f r a c t u r e s and s o l u t i o n o p e n i n g s , and numerous s p r i n g sd i s charge water f r o m the c o n s o l i d a t e d rocks. D e s p i t e the abundance o f s p r i n g s and the f a c t thatmine workings in the W a s a t c h Range tap l a r g e f l o w s o f ground water, most w e l l s y i e l d o n l y s m a l ls u p p l i e s o f water f r o m xhe c o n s o l i d a t e d rocks. The p r i m a r y p e r m e a b i l i t y of the rocks i s low, andw e l l s c a n produc e l a r g e y i e l d s o n l y i f they intersect f r a c t u r e s a n d s o l u t i o n o p e n i n g s .
C o n s i d e r a t i o n of the water budget for Deer Creek Reservoir, a s t r id e the C h a r l e s t o n thrustf a u l t , indica t e s that there is no net loss of water f r o m the reservoir t h r o u g h the f a u l t . Anunbalance of about 17,000 acre-feet of water per year in the water budget for the v a l l e y fill inH e b e r V a l l e y , however, may represent o u t f l o w f r o m the v a l l e y t h r o u g h the c o n s o l i d a t e d rocks.
Most o f t h e w e l l s i n t h e area der ive water f r o m t h e u n c o n s o l i d a t e d a l l u v i a l f i l l i n t h e f o u rv a l l e y s . T h e v a l l e y f i l l cons i s t s o f a p o o r l y sorted m i x t u r e o f rock m a t e r i a l r a n g i n g i n size f r o mc l a y t h r o u g h b o u l d e r s . T h e r e i s no evidence to suggest the presence of zones of e i t h e r very h i g hor very l ow p e r m e a b i l i t y in any o f t h e v a l l e y s ; and th e v a l l e y f i l l in a l l t h e v a l l e y s i s s a t u r a t e d ,g e n e r a l l y t o w i t h i n a f ew f e e t o f the land s u r f a c e , m o s t l y with u n c o n f i n e d ground water.
G e o p h y s i c a l s t u d i e s indicate that the v a l l e y fill may be as much as 800 f e e t t h i ck in thedeepest part s of H e b e r V a l l e y and more than 300 f e e t th i ck in most of Rhodes V a l l e y . Rocks ofT e r t i a r y and Quaternary age are more than 1,600 f e e t thick in the northern part of Rhodes



I N T R O D U C T I O N
T h i s report on the water resources of the H e b e r - K a m a s - P a r k C i t y area was pr epared bythe U. S. G e o l o g i c a l S u r v e y in c o o p e r a t i o n wi th th e U t a h D e p a r t m e n t o f N a t u r a l Resources,D i v i s i o n o f W a t e r R i g h t s . The p r i m a r y p u r p o s e o f the report i s t o p r o v i d e the Divi s i on o f W a t e rR i g h t s wi th t h e basic h y d r o l o g i c i n f o r m a t i o n needed f o r t h e e f f e c t i v e a d m i n i s t r a t i o n o f waterr i g h t s in the area.
The s t u d y on which th i s report is based was an overal l eva lua t i on of the water resourcesof the H e b e r - K a m a s - P a r k C i t y area, and i t was made d u r i n g the period July 1966-December1968. P r i n c i p a l emphas i s in the s t u d y was on ground-water resources, because the sur fa c e watero f th e area i s fu l ly a p p r o p r i a t e d , and water f or e x p a n d e d f u t u r e needs w i l l have t o b e der ivedf r o m g r o u n d - w a t e r sources. The p r i m a r y p u r p o s e s o f t h e s t u d y were t o d e t e r m i n e th e q u a n t i t yand q u a l i t y of ground water a v a i l a b l e in the area, to d e t e r m i n e the r e l a t i o n of ground water tos u r f a c e water in the area, and to e s t i m a t e the e f f e c t s o f increased g r o u n d - w a t e r w i t h d r a w a l s ons t r e a m f l o w f r o m t h e area.
T h i s report de s cr ibe s the general s u r f a c e - w a t e r h y d r o l o g y o f the s t u d y area, eva lua t e s theq u a n t i t y and q u a l i t y of ground water a v a i l a b l e f r o m the several a q u i f e r s , and discusses ther e l a t i o n s h i p of ground water to s u r f a c e water in the area. The basic da ta on which thei n t e r p r e t a t i o n s and conc lu s i on s in t h i s report are based are i n c l u d e d in t a b l e s 3-7 in the a p p e n d i x ;the data consist o f s e lec ted da ta a v a i l a b l e for the period pr i or to July 1966 and o f f i e l d d a t ag a t h e r e d f r o m J u l y 1966 t o S e p t e m b e r 1968.
A short report by D. L. Pe t er s on , d e s c r i b i n g the r e s u l t s of g e o p h y s i c a l s t u d i e s in part ofthe p r o j e c t area, i s i n c l u d e d in the a p p e n d i x .

D e s c r i p t i o n of the area
The H e b e r - K a m a s - P a r k C i t y area l i e s between th e U i n t a M o u n t a i n s and t h e W a s a t c hRange i n S u m m i t a n d W a s a t c h Count i e s , north-central U t a h ( f i g . 1 } . I t i n c l u d e s f o u r mountainv a l l e y s - H e b e r V a l l e y , Rhode s V a l l e y , P a r l e y s Park, and Round V a l l e y - a n d most o f t h es u r r o u n d i n g d r a i n a g e area. A l t h o u g h t h e s t u d y area i n c l u d e s about 8 1 0 square m i l e s , t h i s s t u d ywas most concerned w i th the a v a i l a b i l i t y o f water in the f o u r v a l l e y s ( t o t a l area about 140 square

m i l e s ) , f or i t i s in the v a l l e y s t h a t the p o p u l a t i o n i s c oncentra t ed and the demand for water i sg r e a t e s t .
A b o u t 87 percent of the e s t i m a t e d 8,650 p e o p l e (1960 c e n s u s ) in the area l i v e in the 16 )communi t i e s in the v a l l e y s , but most of the p o p u l a t i o n are d i r e c t l y or i n d i r e c t l y d e p e n d e n t on j

a g r i c u l t u r e for t h e i r l i v e l i h o o d . D a i r y f a r m i n g i s the p r i n c i p a l source o f income in the r eg ion, I
f o l l o w e d by the r a i s i n g o f sheep and beef c a t t l e . The mounta in s s u r r o u n d i n g the v a l l e y s f u r n i s h S
summer p a s t u r e for l i v e s t o c k , and the i r r i g a t e d land in the v a l l e y s s u p p l i e s the necessary winter if e e d . Park C i t y was once the center of a m a j o r l e a d - and s i l v e r - m i n i n g d i s t r i c t , but o n l y two mines \in th e area were be ing worked in 1968. R e c r e a t i o n a l d e v e l o p m e n t (for s k i i n g , f i s h i n g , and th e J
l i k e ) i s an i n c r e a s i n g c o n t r i b u t o r to the economy of the area.

T h e area i s a p p r o x i m a t e l y b i s e c t ed b y a d r a i n a g e d i v i d e ; t h e nor th ern p a r t , i n c l u d i n gP a r l e y s Park and most o f R h o d e s V a l l e y , i s d r a i n e d by the W e b e r River , and the s o u t h e r n p a r t ,i n c l u d i n g H e b e r V a l l e y a n d Round V a l l e y , i s dra ined b y t h e Provo River. T h e s e m a j o r streams•both have t h e i r b e g i n n i n g s in the western U i n t a M o u n t a i n s , and both are part of the Great Basind r a i n a g e system; the W e b e r f l o w s north and west to Great Salt L a k e , and the Provo f l o w s southand west to U t a h Lake.



per year. The d i f f e r e n c e , an average of 1,600 acre-feet per year, p l u s any diver s ions f r o m BeaverCreek, is the conveyance loss of the canal.
The d i s c h a r g e of Beaver Creek is not measured, but the creek enters the Weber Riverbetween the s ta t i ons near O a k l e y ( s i t e 2 , f ig . 5) and near Peoa ( s i t e 4 , f ig . 5). No other p e r e n n i a lt r i b u t a r i e s enter th i s reach of the river, a l t h o u g h the Weber-Provo d iv e r s i on is taken out: thed i f f e r e n c e in average d i s c h a r g e at the two s t a t i on s , a d j u s t e d for the canal d iv er s i on , s h o u l dt h e r e f o r e a p p r o x i m a t e the average di scharge of Beaver Creek. A l t h o u g h the average d i s charge ofthe W e b e r River near O a k l e y for the ent ire l o n g period of record is 159,300 acre- f e e t per year,the d i s c h a r g e near Oakley for the period of record a v a i l a b l e near Peoa is smaller-about 139,000acr e- f e e t per year. The Weber-Provo Canal d i v e r s i o n (average for the p er i od 50,600 acr e- f e e t peryear) is removed f r o m the river below th i s s ta t ion, l e a v i n g about 88,500 acre-feet per year a^ thed i s c h a r g e of the main river above the g a g i n g s i te near Peoa. The average d i s c h a r g e at the s t a t i o nnear Peoa, however, is 107,100 acre- f e e t per year; the river ga in s 18,600 acre- f e e t per year( a v e r a g e ) between the two s ta t i on s . S o m e o f the g a i n i s u n d o u b t e d l y ground-wat er d i s c h a r g ef r o m the u n c o n s o l i d a t e d d e p o s i t s in Rhode s V a l l e y , bu t most o f the ga in i s the d i s c h a r g e o fBeaver Creek; an a r b i t r a r y e s t ima t e of the c o n t r i b u t i o n f r o m Beaver Creek is about 17,000

acre- f e e t per year.
The g a g i n g s t a t i o n on East C a n y o n Creek i s many m i l e s downstream f r o m the area of t h i ss t u d y ; less than h a l f the dra inage area of the creek above the g a g i n g s ta t i on is in the s t u d y area. Iti s p r o b a b l e , t h e r e f o r e , that the average d i s c h a r g e of East Canyon Creek f r o m the s t u d y area doesnot exceed 15,000 acre-feet per year.

Chemical q u a l i t y

A l l s u r f a c e water f r o m t h e W e b e r River d r a i n a g e bas in that w a s a n a l y z e d w a s c h e m i c a l l ys u i t a b l e for dome s t i c , s tock, and i r r i g a t i o n use. C h e m i c a l analy s e s o f seven s a m p l e s o f s u r f a c ewater f r o m the W e b e r River d r a i n a g e basin are repor t ed in t a b l e 5 . All th e s a m p l e s are d i l u t ec a l c i u m b i carbonat e t y p e water. The most concentrated o f the seven s a m p l e s (445 mg/l) wasf r o m S i l v e r Creek at the o ld S i l v e r King M i n e near Park C i t y . The stream at that po in t a lmos tc e r t a i n l y i n c l u d e d ground water d i s c h a r g i n g f r o m the mine t u n n e l s , which i s more c onc en tra t edthan most sur fac e water in the area.

G R O U N D - W A T E R H Y D R O L O G Y
Ground water in the c o n s o l i d a t e d rocks

The c o n s o l i d a t e d rocks in the H e b e r - K a m a s - P a r k C i t y area are an i m p o r t a n t e l e m e n t inthe t o t a l ground-water system of the area. S p r i n g s and w e l l s that d i s c h a r g e water f r o m thec o n s o l i d a t e d rocks are the p r i n c i p a l source of s u p p l y for water users in the mountains. Moreover,much of the water that enters the rocks in the m o u n t a i n s e i t h e r r e a p p e a r s as s p r i n g s a l o n g themarg in s of the v a l l e y s or moves into the uncon s o l i da t ed v a l l e y f i l l as recharge in the sub sur fa c e .

Water-b ear ing uni t s

T h e c o n s o l i d a t e d rocks u n d e r l y i n g t h e H e b e r - K a m a s - P a r k C i t y area range i n a g e f r o m
P r e c a m b r i a n to Quaternary. A g e n e r a l i z e d s t r a t i g r a p h i c summary of the c o n s o l i d a t e d rocks is
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given in table 1. T h i s is a composi te section and nowhere in the area are all the f o r m a t i o n spresent. P l a t e 2 is a geo logi c map showing the area! d i s t r i b u t i o n of the various rock unit s .
The rocks in both the Wasatch Range and the U i n t a M o u n t a i n s have been sub j e c t ed tocons iderab l e d e f o r m a t i o n and are g r e a t l y f r a c t u r e d , f a u l t e d , and f o l d e d . The most prominentd i s p l a c e m e n t in the area is the Char l e s t on thrust f a u l t , which crosses the south end of H e b e rV a l l e y . Several smal ler thrust f a u l t s have been m a p p e d , and h i g h - a n g l e f a u l t s of smal ld i s p l a c e m e n t are numerous. J o i n t s and f rac ture s are ub iqu i tou s , and s o l u t i o n o p e n i n g s arecommon in the carbonate rocks. The s e o p e n i n g s and the f a u l t s p l a y a m a j o r ro l e in c o n t r o l l i n gthe movement of ground water in the area. S m a l l f o l d s are a b u n d a n t l y present, but they exertl i t t l e i n f l u e n c e on ground-water movement iW a t e r moves through the rocks a l o n g the abundant f ra c tur e s , s o l u t i o n o p e n i n g s , and f a u l tp lane s , and thus any f o r m a t i o n may be, at least l o c a l l y , water bearing. In his report on the ParkC i t y M i n i n g D i s t r i c t , B o u t w e l l ( 1 9 1 2 , p. 24) observed that the water in the mines came"p r i n c i p a l l y f r o m "the red s ha l e and massive quartzi te" ( W o o d s i d e F o r m a t i o n and Weber^Q y a i t z j t e ) , O f f i c i a l s of the U n i t e d Park C i t y M i n i n g Co. agree that most of the water in thatc o m p a n y ' s workings a p p e a r s i n t u n n e l s that p ene tra t e t h e Weber Q u a r t z i t e ( J . I v e r s , J r . , oralcommun., 1967).
In 1967, the few w e l l s in the pro j e c t area that were f i n i s h e d in the c on s o l i da t ed rocksderived the ir water f r o m o n l y 11 of the more than 30 g e o l o g i c u n i t s under the area. Thep r o d u c i n g f o r m a t i o n s were t h e Quaternary t u f a d e p o s i t s , t h e T e r t i a r y v o l c a n i c rocks, t h e K n i g h tConglomerate , the Preuss S a n d s t o n e , the T w i n Creek Limestone, the N u g g e t S a n d s t o n e , theC h i n l e F o r m a t i o n , t h e A n k a r e h F o r m a t i o n , t h e T h a y n e s F o r m a t i o n , t h e Oquirrh F o r m a t i o n , a n dthe Weber Quartz i t e . Other unit s , e s p e c i a l l y the carbonate rocks o f P e n n s y l v a n i a n , M i s s i s s i p p i a n ,and Devonian age, y i e ld water to s p r i n g s in the area, and Feltis (1966, p. 14-17) s ta t e s that in theU i n t a Basin, southeast of the s tudy area, some water is obtained f r o m the Park C i t y F o r m a t i o n ofPermian age and f r o m the U i n t a F o r m a t i o n of T e r t i a r y age. More w e l l s in the s t u d y area ob ta inwater f r o m the T e r t i a r y vo l can i c rocks than f r o m any of the other f o r m a t i o n s , p r o b a b l y becausethe volcanic rocks are the shal lowes t conso l idated rocks in the areas where most of the bedrockw e l l s are located.
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A q u i f e r characteristics

In a broad way, for the p u r p o s e of e v a l u a t i n g areal movement of ground water, the h i g h l yfrac tured rocks of the Wasatch Range can be regarded as a s i n g l e homogeneous a q u i f e r , and thesame is p r o b a b l y true ot the rocks in the U i n t a M o u n t a i n s / O n the smal l s cale involved ins e l e c t i n g sites for the d e v e l o p m e n t o f water s u p p l i e s , however, the a q u i f e r s are g r o s s l yheterogeneous. I n f o r m a t i o n f r o m dril lers ' tests of w e l l s f i n i s h e d in the c on s o l i da t ed rocks showsthat th e d e v e l o p m e n t o f s u p p l i e s o f water s u f f i c i e n t f or i r r i g a t i o n , i n d u s t r i a l needs, or p u b l i cs u p p l i e s f r o m t h e c o n s o l i d a t e d rocks d e p e n d s upon t h e w e l l s i n t e r s e c t i n g water-bear ing f r a c t u r e s .Even in a f r a c t u r e system that is p r o p e r l y described as " c lo s e ly spaced," however, the d i s t a n c ebetween adjacent f rac ture s may be very large compared to the d i a m e t e r of a we l l . H e n c e , theconstruct ion of w e l l s to in t e r c ep t water moving through f r a c t u r e d rocks t end s to be a"hit-or-miss" a f fa i r . The large d i s c h a r g e o f water f r o m mine t u n n e l s near P a r k C i t y s hou ld no t b etaken as an indicat ion of the po t ent ia l yie ld of wells . Each tunnel drains many mi l e s of workings,whereas a well u s u a l l y d r a i n s a r e l a t i v e l y s m a l l area. S m a l l s u p p l i e s , a d e q u a t e for d o m e s t i c u s e ins i n g l e - f a m i l y d w e l l i n g s , can p r o b a b l y be obtained f r o m several of the c o n s o l i d a t e d rock uni t s .
Drillers ' report s of a few w e l l s ( t a b l e 3) inc lude the result s of p u m p i n g te s t s , g e n e r a l l y ofo n l y a few hours d u r a t i o n . The test r e s u l t s were eva lua t ed by the method of T h e i s and o ther s( 1 9 6 3 ) to derive the value s of a q u i f e r t r a n s m i s s i v i t y in c luded in t a b l e 1.
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T a b l e 1 . — G e n e r a l i z e d s t r a t i g r a p h i c summary of the c on so l ida t ed rocks of theH e b e r - K a m a s - P a r k C i t y area
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o f E a r d l e y ( 1 9 U )

F r o n t i e r F o r m a t i on

Price Rivet F o r m a t i o n

A s p e n S h a l e

K e l v i n F o r m a t i o n

Horrl son Formation

FT tut » Sand at one

tvio C r e e k Lime at one

N u g g e t Sand (tone

C h i n l c Format i on

S h l n a r u j n p Member of theC h i n l t F o r m a t i o n

Ankareh Formation

Thaynes F o r m a t i o n

Wood t i d e F o r m a t i o n

Park C i t y F o r m a t i o n

Diamond Creek Sand a tone

K i r k m a n Lime a tone

Oquirrb F o r m a t i o n

L l t h o l o c y and th i ckne s s

C a l c a r e o u s t u f a d e p o s i t e d f ro* t h e water o f thermal s p r i n g s .H t a r l y pur* ca l c iua i carbonate,. V e r y porous. T h i c k n e s s unknown,but l o c a l l y exceed* 70 f«*c.

C h i e f l y a n d s s i t i c p y r o c l a i t i c * wi th a D I M I n t e r c a l a t e d f l o w rock*,
I n c l u d e ) * K a t t l s y V o l e ante I and T i b b l * Formation. Thickne s s un-certain, but r e p o r t e d l y nay exceed 1,000 f « t .

I n c l u d e * a few email bod let of bade rocki In the U i n t a Mountain*
and many l a r g e matte* of g r a n i t i c rock* in the U a s a t c h Ranga,
T h i c kneit unknown.

T u f f e c e o u s and limy bedi and l o ca l c o n g l o m e r a t i c l en s e s . T h i c k -
net* and s t r a t i g r a p h i c r e l a t i o n s uncertain. F r e t e n t o n l y in
extreme nor thwe s t ern p a r t o f the s t u d y area.

F l u v i a l and lake d e p o t i t t . Present only In the ax create aouth
end of the s t u d y area. T h i c k n e s s in the araa unknown.

C r a y and r a d d i a h c o n g l o m e r a t e in ma* l i v e beds . c h i e f l y f l u v i a l .
T t i i c k n e t * at much at 2,000 f e e t .

Marine a end t ton* and thai*. T h i c k n e t f at much at 5,000 f e e t .

C o n g l o m e r a t e rod- c o n g l o m e r a t i c a and a tone and acne a bale *nd afew coal bed*. T h i c k n e t * at l ea s t 3,100 f e a t .
Nonmsrine and mar In* s a n d s t o n e , s h a l e , and coal. T h i c k n e s s

store than 2,100 f e e t .
C o n g l o m e r a t e and shale. T h i c k n e s s as much as 1,500 £ e e t , but

p r o b a b l y l e s t in the s t u d y area. Present on ly in the extreme
south end of the area.

Dark g r a y marine sha l e , T h l c k n t t t about 250 f e e t .
Continental d e p o s i t s , pr edominant ly red colored. Thickne s s about

1,300 f e e t .
C o n t i n e n t a l d e p o s i t s , l o c a l l y containing abundant dinosaur r«-

maint. Thickne s s uncertain.! perhaps as much as 1,200 f e e t .
Honmarine s i l t s t o n e and sands tone. T h i c k n e s s p r o b a b l y more

than 1,000 f a c t .
L i g h t - c o l o r e d s p l i n t e r y l imes tone . T h i c k n e s s a* much a* 2,000

f e e t .

C r o s t b e d d e d eolian sand s t one , g enera l ly some shade of red.
T h i c k n e s s as much as 1,200 f e e t .

p r o b a b l y le s s than 500 f e e t .
F l u v i a l sandstone and conglomerate. Thicknes* about 100 f e e t

in the s t u d y area.
C h i e f l y red s i l t s t o n e , sand s t one , and shale. Thickne s s more

than 1,000 f e e t .
Calcareous marine s ed iment s . Thicknes* more than 2,OOO f e e t .

Red s l l t a t o n e , s a n d s t o n e , and sha l e . T h i c k n e s s about 500 f e e t .

L i m e s t o n e , p h o s p h o r i t e , c h e r t y s i l t * tone, and shale. T h i c k n e s s
about 1,500 f e e t .

Light -colored c roa s b edded sandstone.. T h i c k n e s s up to 1,000
f e e t . Present only in the extreme south end of the s t u d y area.

D a r k - c o l o r e d , b r e c c i* t ed , th in-b edded l i iw s t one . T h i c k n e s s up
to 1,600 f e e t . Present only ir. the extreme south end of the
s t u d y area.

I n t e r b e d d e d sands tone and l l m e a t o n e containing some shale and
s i l t s t o n e . Thickne s s at much at B.OOO f e e t , but probab ly
less in the s t u d y area. Preaent only south of Heber C i t y .

W s t e r - b e s r l n a , p r o p » r t l r s

Y i e l d s aosw water t o w * l l s . ttuM*ro»t warm s p r i n t s f l o w
f r o m t u f s d e p o s i t s , bu t »ource or w a l s r i s p r o b a b l y under-
l y i n g b*ds. T u f a a p p a r e n t l y I s p*rw«abla a n d t r a n s m i t s vat»rr e * d i l y .

Y i e l d s some wat sr t o w a l l * , c h l s f l y I n t h s P a r l e y s Park area.
and to nunerous small s pr i t e s . H u t t of the observed s p r l n s s
•re a l ong f r a c t u r e s or c o n t a c t s . T r e n t m l s s i v i t y e s t i m a t e df r e e s d r l l l s r t ' r e p o r t s a s about 3 7 0 f t v d / f t .

I n t r u l i v e rocks y i e l d some wat *r in m l n s tunnel* f r o m f r a r t u r s s ,
bu t hsve l i t t l e s l g n l f I c a n r * a* a q u l l e r s In th e area.

N o t known t o y i e l d water I n t h « s i t t d v area.

»
Hot known to y i e l d wa t er in the s t u d y sre s , but r e p o r t e d l y

a u p p l l e a sane v e i l s l o c a l l y in th* d i n t * Basin t o th e s o u t h -
east ( F e l t i s , 1966).

area. T r s n s n U t l v i t y p r o b a b l y )••* than 135 f t ^ / d / f t .

Not known to y i e l d water in the at t i d y area.

Hot p e n e t r a t e d by we l l* in the a t u d y area, but s u p p l i e s a t*w
s p r i n g s .

of a f ew small s p r i n g s .
Not known to y i e l d w a t e r in th* s t u d y area.

Do.
Not penetrated by w a l l s in th* s t u d y area, but s u p p l i e s a f»w

s p r i n g s .
Not known to y i e l d water in th* s t u d y area.

T i e l d t smal l amounts of watsr to a t*v w e l l s in th* area. In*

Y l s l d t water to several w e l l s and spr ing* in the area, p r o b a b l y
f r o m f r a c t u r e s a n d s o l u t i o n c a v l t l e t . D a t a s u g g e s t tram-
m i s s i v i t y o f l e s s thsn 1 3 5 f t ^ / d / i l .

Y i e l d s water to several w e l l s in th* area* T r a n s m l s s l v i t v
g e n e r a l l y low (about £5 f t 3 / d / f t ) but l o c a l l y a* high a*
3 3 5 f t 3 / d / f t .

Y i e l d * nul l noun t a of w*t*r tc w * l ] « in the Par l ey* Park
araa. T r a n s m i t s i v l t y p r o b a b l y I t s * t h a n 1 3 5 f t 3 / d / f t .

Not known to yield water In the an*K are*.

Y i e l d s a l i t t l e water t o w o l l t I n t h * p a r l e y s Park area frnr.
sandy beds. I n s u f f i c i e n t d a t a t f> »* t l»*te t r s n s n i s s l v i t v .

Y i e l d * some water to a f*w wo l i t at*1 s p r i n g s , l a r g e l y f r c v n
f rac ture s and so lut ion op*nlnaa. I n i u l f i c i e n t da ta to e s t i -
mate t r a n s s i s B l v i t y .

Not t a p p e d by w«ll* in th e a t u O v er»«, t<ut r e p o r t e d l y y l o U U
*ome water i c the U l n t s f t a v l n ( r ^ l t l P . 1 9 6 6 ) .

N e i t h e r o f the s e two f o r m a l I n n * 1m »» l I I c l e n t l y e x t e n s i v e i i i
the. t t u d y area to be i m p o r t a n t «» n q u l l e r s . Nc w e l l t in ID*
area tap e i t h e r f o r m a t i o n , h t i t • ( cv ^mull s p r i n g * in the
extreme south end of the arva f t * x l n c ^ w a t e r f r o m one or Nnh
o f t h e t e f o r m a t i o n s .

Y i * l d » some water t o w e l l * a i f c t * i M l ^ B * . c h i e f l y f r o m f r a c t u r r *
and s o l u t i o n opening*. T i * n * » 1 * * 1 v t t v e* t i»a t ed as about
2 7 0 f t V d / f t .
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T a b l e 1.-Generalized s t r a t i g r a p h i c summary of the conso l idat ed rocks of theH e b e r - K a m a s - P a r k C i t y ar ea—cont inued
*..
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Format ion

Weber Q u a r t i l t e

M o r j a t i f ormat ion

lound V s l U y Limes tone

Manning Canyon S h a l e

K i e s i s f t i p p i a n and Devonianrocks undivided

Cambrian s e d i m e n t a r y rocks
undivided

Precambr l en rocks undiv ided

L l t h o l o f y and thickneas

C h i e f l y f r a y ero i t b edded sands tone. T h i c k n e s s up to 9,000 f e a t .

Red s and s t one and aha Is i n t t r f in j e r t with the Weber Quart BiteIn p a r t . T h i c k n e s s up to 1,000 f e a t .
L i g h t - f r a y marina l ime s t one . T h l c k n * M 230-WO f a a t .

Marine s h t l e , s i l t s t one , c l i y s t o n e . and l i m e s t o n e . T h i c k n e s s
300-500 f e e t .

C h i e f l y marine l ime s t one s and d o l o m i t e a . T h i c k n e s s f r o m 3,000
to 6.000 f e e t .

C h i e f l y ehe l e s a n d q u a r t z l t e s . T h i c k n e s s uncertain, p r o b a b l y
up to 3,000 f a c t .

C h i e f l y m e t a s e d i m e n t s . T h i c k n e s s unknown.

W a t e r - b e a r i n g pr^peri l e e

Y i e l d s email amounts « f w a t e r to a f»» w v l t e . P r i m a r y perm**
a b i l i t y I s very low. b u t r e p o r t e d l y y i e l d s l*ne q u a n t i t i e s
P r i n c i p a l Source o f water I n t h e »(**•,

No I n f o r m a t i o n on weter-beerlnf p r o p e r t i e s In the s t u d y are*,but pr imary p e r m e a b i l i t y i s p r o b a b l y low.
H o w e l l s p e n e t r a t e t h e f e n a a t l m i I n t h e »t»dy area, b u t i t

y i e l d s water tc numerous i p r l n s e .

H o t p e n e t r a t e d b y w a l l s I n t h e area, b u t s u p p l i e s a f e w email
a p r l n i s .

Not p e n e t r a t e d by w e l l s in t h e area, bu t y i e l d s wa t er f r o m
f r a c t u r e s and S o l u t i o n openinc t t o »eny s p r i n t * . A m a j o r
a q u i f e r .

Mot known to y i e l d water in the s t u d y area.

W e t e r - b e a r l n t p o t e n t i a l unknown, b u t p r o b a b l y e m a i l .

Recharge

In most of the mountainous area, the soil cover is t h i n and p e r m e a b l e , and rain orsnowmelt can i n f i l t r a t e r e a d i l y . The r a p i d i t y o f i n f i l t r a t i o n in to the rocks in the mounta ins i sind i ca t ed by the report s that the d i s charge of the mine t u n n e l s in the Park C i t y area increasesn o t i c a b l y d u r i n g the period o f s p r i n g snowmelt and r u n o f f . Moreover, observation we l l( D - 2 - 5 ) 3 2 b a d - 1 , f i n i s h e d in the T e r t i a r y vo l canic rocks, shows sma l l rises of water level on ly afew hours a f t e r a rains torm over the area. The water level in one of the n o n f l o w i n g t h e rmals p r i n g s near M i d w a y (see p. 21) al so rises r a p i d l y in response to rain or snowmelt in themountains.

Movement

As has been i n d i c a t e d , water moves through the c on so l ida t ed rocks r e a d i l y , p r i n c i p a l l yalong the abundant zones of f r a c t u r i n g and s o lu t i on openings . The direc t ion of movement is, ingeneral, d o w n h i l l f r o m recharge areas in the mountains to d i s charge areas near the margins of theval l eys .
W h e t h e r any a p p r e c i a b l e amount of water leaves the s t udy area through the c on s o l ida t edrocks is d i f f i c u l t to ascertain, but an unbalance of 17,000 acre-feet per year in the gound-waterbudget for H e b e r V a l l e y is probab ly due to movement out of the v a l l e y through the c on so l ida t edrocks. The s tructural f e a t u r e most commonly suspected of d r a i n i n g water f r o m the area is theC h a r l e s t o n thrust f a u l t , which passes en t i r e ly through t h e W a s a t c h Range. Deer Creek Reservoir,on the Provo River, l ies d i r e c t l y across the outcrop of the Char l e s t on and associated Deer Creekthrust f a u l t {see pi. 2), and the water budget for Deer Creek Reservoir (see p. 8) ind i ca t e s thatthere is no loss of water f r o m the reservoir along the thrust p lane s . Because there is no d e t e c t a b l emovement of water f r o m Deer Creek Reservoir down the C h a r l e s t o n thrust f a u l t , it is p r o b a b l ethat no s i g n i f i c a n t amount of ground water leaves the s t u d y area a long the f a u l t .
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Dncharg*

The p r i n c i p a l manmade di scharge of water f r o m the c o n s o l i d a t e d rocks in the area ist hrough the ex t ens ive mine workings in the v i c i n i t y of Park C i t y (fig. 7). The amount of waterdi scharged by the few s m a l l - c a p a c i t y w e l l s that penetrate the c o n s o l i d a t e d rocks is o n l y a verysmall part of the total discharge. N a t u r a l discharge is through numerous spr ings , m o s t l y aroundthe margins of the v a l l e v s . and t h r o u g h direct i n f i l t r a t i o n into the u n c o n s o l i d a t e d d e p o s i t s in th"e"v a l l e y s .
The t o ta l d i s charge f r o m mine t u n n e l s is e s t imated as at least 50 cfs (cubic f e e t pers e cond) or 36,000 acre-fee t per year. The d i s c h a r g e of the S p i r o T u n n e l , near Park C i t y , wasreported in 1935 as about 15 cfs and "a rather s t eady f l o w " for several years (G. H. T a y l p r ,wr i t t en commun., 1935). The f l o w o f Drain T u n n e l Creek, which con s i s t s p r i n c i p a l l y o f t h ed i s charge of the Ontario No. 2 Drain T u n n e l , is measured at a weir about 5 mi l e s downs treamf r o m the mouth of the tunnel {fig. 2). The losses to e v a p o t r a n s p i r a t i o n between the tunnelmouth and the weir p r o b a b l y equal or exceed any gains f r o m ground-wa t e r d i s c h a r g e to thestream. The average di scharge of Drain T u n n e l Creek is 15.9 cfs (18 years of record). Thed r a i n a g e f r o m t h e M a y f l o w e r M i n e enters Drain T u n n e l Creek downstream f r o m t h eabove-mentioned weir; in 1967-68 the d i s charge of the M a y f l o w e r M i n e d r a i n a g e was e s t imated asabout one-half that of Drain T u n n e l Creek at the weir. S m a l l e r amounts of water are di schargedf r o m other t u n n e l s in the area.
The water di s charged f r o m th e A l l i a n c e T u n n e l ( q u a n t i t y unknown) prov ide s t h em u n i c i p a l s u p p l y f o r Park C i t y ; t h e d i s c h a r g e f r o r r f t h e other t u n n e l s i s used f o r i r r i g a t i o n i nP a r l e y s Park and H e b e r V a l l e y .

A l a r g e but u n d e t e r m i n e d amount of water is d i s charged f r o m the c o n s o l i d a t e d rocksthrough numerous spr ing s . In 1968, the Utah S t a t e E n g i n e e r ' s records inc luded c la ims to waterf r o m about 250 s p r i n g s that d i s c h a r g e water f r o m the c o n s o l i d a t e d rocks. The s p r i n g s are near ly
al l associated wi th f r a c t u r e s or s o l u t i o n op en ing s . The large s t s p r i n g s in the area f l o w f r o mso lu t i on open ing s in the l imestones of Pennsylvanian and M i s s i s s i p p i a n age. For e x a m p l e , three
s p r i n g s near the mouth of S n a k e Creek Canyon d i s charged about 13 c f s f r o m the l i m e s t o n e s
d u r i n g the summer of 1967.

An unusual h y d r o l o g i c f e a t u r e o f H e b e r V a l l e y i s a g r o u p o f thermal s p r i n g s near thetown of M i d w a y . A l t h o u g h the s pr ing s are located on the S n a k e Creek a l l u v i a l f a n , and are
u n d e r l a i n in part by a l l u v i u m , t h e i r source is d e ep seated and th ey represent d i s c h a r g e f r o m thec o n s o l i d a t e d rocks. A more d e t a i l e d d i s cu s s ion of the th ermal s p r i n g s has been given el sewhere(Baker, 1968), and they w i l l be described on ly b r i e f l y here.

Most of the th ermal s p r i n g s do not f l o w and are known l o c a l l y as "hot pots." The t y p i c a lhot pots are small p oo l s of warm water that occupy s h a l l o w depre s s i ons in the t op s of mounds ofcalcareous t u f a (fig. 8). Sevente en hot p o t s in the area have been examined by the writer. F o u r ofthe hot p o t s are a r t i f i c i a l l y d i s charged to s u p p l y water to sw imming p o o l s at resorts, 2 po t so c c a s i o n a l l y o v e r f l o w , and the other 11 d i s charge water at the l and s u r f a c e o n l y by e v a p o r a t i o n ,a l t h o u g h some thermal water may be d i s c h a r g e d into th e v a l l e y f i l l in the s u b sur fa c e .
The t e m p e r a t u r e of the water in the 13 p o t s wi thout a r t i f i c i a l d i s c h a r g e ranges f r o m 12°

t o 3 4 ° C ( 5 4 ° - 9 4 ° F ) , a n d t h e h igh e s t t empera tur e s a r e i n t h e 2 p o t s that o c c a s i o n a l l y o v e r f l o w .W a t e r t emperature in the 4 po t s that are a r t i f i c i a l l y di scharge ranges f r o m 38° to 40°C
{100°-104°F). A d d i t i o n o f heated water f r o m below to many of the p o t s i s very s l ow , and thewater of a f ew p o t s - i s ' t o w e r than that p r o p e r l y c l a s s i f i e d as "thermal."
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F i g u r e 7.-Water d i s c h a r g i n g f r o m t h e S p i r o T u n n e l near Park C i t y .W a t e r moves f r o m the tunnel mouth to th i s d r a i n a g e d i t c h t hroughthe p i p e in the background. Discharge is about 15cubic f e e t per second.

F i g u r e 8 . -Typi ca l hot pot near M i d w a y . V i e w l o o k i n g east irom apo in t about 7 f e e t above the ground. The o p e n i n g is about 9 f e e tin d iameter and the top of the rim is about 5 f e e t above theroad in the u p p e r l e f t corner of the p h o t o g r a p h . W a t e rlevel is about 1.5 f e e t below the rim.
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In a d d i t i o n to the hot po t s , at l eas t 7 thermal s p r i n g s in the area f l o w p e r e n n i a l l y . Thed i s c h a r g e o f these s p r i n g s ranges f r o m a f ew g a l l o n s per m i n u t e to about 3 c f s ; the t o u i l d i s c h a r g eof the 7 s p r i n g s in 1967 was about 7 c f s . The water t e m p e r a t u r e of the 7 f l o w i n g s p r i n g s rangesf r o m 3 0 ° t o 4 6 ° C { 8 6 ° - 1 4 4 ° F ) .

Chemical q u a l i t y

N e a r l y a l l t n e n o n t h e r m a l water f r o m t h e c o n s o l i d a t e d rocks i s s u i t a b l e f o r d o m e s t i c u s ea c c o r d i n g t o t h e s t a n d a r d s o f t h e U. S. P u b l i c H e a l t h Serv i c e ( 1 9 6 2 ) ; th e e x c e p t i o n i s some waterf r o m the v o l c a n i c rocks that i s h i g h in iron. All the water is hard to very h a r d , and many r e s i d e n t sof the area use i on-exchange t y p e s o f t e n e r s in t h e i r d o m e s t i c water systems. W a t e r f r o m the, hotp o t s i s too m i n e r a l i z e d to be d e s i r a b l e for d o m e s t i c use, and p l e n t i f u l s u p p l i e s o f b e t t e r water areava i lab l e f r o m th e s p r i n g s that f u r n i s h t h e p u b l i c s u p p l y o f M i d w a y . Even water f r o m th e ho tp o t s is used by l i v e s t o c k ; and, a c c o r d i n g to the c r i t e r i a e s t a b l i s h e d by the U. S. D e p a r t m e n t ofA g r i c u l t u r e ( U . S . S a l i n i t y Lab. S t a f f , 1 9 5 4 ) , a l l water f r o m t h e c o n s o l i d a t e d rocks i n t h e area i ss u i t a b l e to use for i r r i g a t i o n . A l t h o u g h water f r o m the hot po t s i s in the h i g h s a l i n i t y hazard classfor i r r i g a t i o n , i t can be used for s a l t - t o l e r a n t crops on the p r e m e a b l e and w e l l - d r a i n e d s o i l s in
H e b e r V a l l e y .

S a m p l e s o f water f o r chemical a n a l y s i s were c o l l e c t e d f r o m 28 s p r i n g s , w e l l s , and t u n n e l sthat tap the c o n s o l i d a t e d rocks; the a n a l y s e s are i n c l u d e d in t a b l e 5 . The l o c a t i o n s f r o m whichthe s a m p l e s were c o l l e c t e d and d i a g r a m m a t i c r e p r e s e n t a t i o n s o f the c o n c e n t r a t i o n s o f thep r i n c i p a l d i s s o l v e d s o l i d s in some of the s a m p l e s are shown on p l a t e 3. F o u r k i n d s of water can bed i s t i n g u i s h e d f r o m f o u r general sources i n t h e c o n s o l i d a t e d rocks. F i g u r e 9 i l l u s t r a t e s averageanaly s e s o f s a m p l e s o f t h e f o u r k i n d s o f water.
W a t e r f r o m the s a n d s t o n e s and l i m e s t o n e s o f J u r a s s i c age and o l d e r i s r epr e s en t ed byd i a g r a m 1 ( f i g . 9 ) . T h e water i s o f c a l c i u m m a g n e s i u m b i c a r b o n a t e t y p e a n d i s n o t h i g h l yminera l i z ed; the concentrat ion of d i s s o lv ed s o l i d s in 13 s a m p l e s f r o m these f o r m a t i o n s rangedf r o m 104 to 488 m g / l . M o s t s a m p l e s were hard a c c ord ing to the c l a s s i f i c a t i o n of the U. S.G e o l o g i c a l S u r v e y (more than 120 m g / l h a r d n e s s ) , and many s a m p l e s were in the very hard range(more t h a n 180 mg/l). The c o n c e n t r a t i o n of s i l i c a was low; the s a m p l e s ranged f r o m 8,2 to 25m g / l , but most were b e l ow 20 m g / l . The p er c en tage s o f s u l f a t e and c h l o r i d e were low (each le s st h a n 20 percent o f t h e t o t a l a n i o n s ) , and c h l o r i d e wa s g e n e r a l l y s l i g h t l y lower than s u l f a t e .
D i a g r a m 2 (f ig . 9) i s t y p i c a l o f water f r o m the s ha l e s o f T r i a s s i c age; 1 s a m p l e wasc o l l e c t e d f r o m a s p r i n g , 1 f r o m a w e l l , and 3 f r o m mine d r a i n t u n n e l s . The water i s o f c a l c i u ms u l f a t e t y p e , a n d g e n e r a l l y more concentrat ed than that f r o m t h e l i m e s t o n e s a n d s a n d s t o n e s . T h econcentration of d i s s o l v e d s o l i d s in 5 s a m p l e s ranged f r o m 218 to 691 m g / t . All s a m p l e s were inthe very hard range; the hardne s s o f 2 s a m p l e s exceeded 300 m g / l . C o n c e n t r a t i o n s of s i l i c a ranged

f r o m 6.3 to 21 m g / l .
W a t e r f r o m t h e v o l c a n i c rocks i s r e p r e s e n t e d b y d i a g r a m 3 ( f i g . 9 ) . T h e v o l c a n i c rocksy i e l d c a l c i u m b i c a r b o n a t e t y p e water; the c o n c e n t r a t i o n s o f 5 s a m p l e s ranged f r o m 249 to 1,020m g / L F o u r s a m p l e s were in the very hard range, but water f r o m the v o l c a n i c rocks w;»s g e n e r a l l ys o f t e r than water f r o m the shale s . C o n c e n t r a t i o n s o f s i l i c a were much h i g h e r in those s a m p l e st han in water f r o m other sources in the area. The s i l i c a c o n c e n t r a t i o n ranged f r o m 22 to 52 m g / l ,but o n l y 1 s a m p l e was be low 30 m g / l . The r e l a t i v e c onc en tra t i on s o f s u l f a t e and c h l o r i d e in these

waters was al so d i s t i n c t i v e ; the s a m p l e s contained f r o m 3 to 5 t imes as much c h l o r i d e iis s u l f a t e .
The v o l can i c rocks are the o n l y c o n s o l i d a t e d rocks in the area tha t y i e l d water c o n t a i n i n g
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u
s u b s t a n t i a l l y more c h l o r i d e than s u l f a t e . One s a m p l e was very h i g h in iron (34 mg/l), but t h i sseems to be a local c o n d i t i o n ; the few other analys e s i n d i c a t e little or no iron in s o l u t i o n .

W a t e r f r o m the hot po t s i s a ca l c ium s u l f a t e bicarbonate t y p e ( d i a g r a m 4, f ig. 9), and i sby far the most m i n e r a l i z e d water in the area. C o n c e n t r a t i o n s of d i s s o l v e d s o l i d s in 10 s a m p l e s ofthe thermal water ranged f r o m 1,650 to 2,160 m g / l , and total hardness ranged f r o m 960 to 1,270m g / l . The water is saturated with respect to calc ium carbonate at normal t e m p e r a t u r e s andpressures; ca l c ium carbonate p r e c i p i t a t e s f r o m s a m p l e s that are a l l o w e d to stand for a few daysexposed to the atmosphere .
Ground water in the unconsol idated d e p o s i t s

The p r i n c i p a l source of water to w e l l s in the H e b e r - K a m a s - P a r k C i t y area is theunconsolidated a l l u v i a l f i l l in the major val l eys . U n c o n s o l i d a t e d d e p o s i t s in the mountains havef i t t l e s i g n i f i c a n c e a s a q u i f e r s . The s t r a t i g r a p h y , l i t h o l o g y , and water-bearing c h a r a c t e r i s t i c s o f t h eu n c o n s o l i d a t e d d e p o s i t s are summarized in tab l e 2. The area! d i s t r i b u t i o n of the various u n i t s isshown on p l a t e 2.

T a b l e 2 . — G e n e r a l i z e d d e s c r i p t i o n o f th e u n c o n s o l i d a t e d d e p o s i t s in th eH e b e r - K a m a s - P a r k C i t y area
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Younger alluvium

Older a l luv ion

L a n d s l i d e d e p o s i t s

G l a c i a l d e p o s i t s

Older h i g h - T e v e l gravel
s u r f a c e s of uncertainage

U t b o l o g y and th i cknes s
Poor ly sorted mixture of mater ia l ranging in aixe f r o m c lay to bou lder s .

All beds appear to be l e n t i c u l a r and discontinuous. Thi ckne s s ranges
f r o m 0 to about 1.000 f e e t . U n d e r l i e s the v a l l e y f l o o r s o f Beber V a l l e y .
K h o d e t V a l l e y , P a r l e y s Park, and Hound V a l l e y and f orms low terracei
a long tht margins of Reber and Rhodes V a l l e y s . The two units cannot be
d i s t i n g u i s h e d l i t h o l o g i c a l l y ; the terraces are mapped as o ld er a l l u v i u m
and the v a l l e y f l o o r s as younger a l l u v i u m , but o l d e r a l luv ium p r o b a b l yal so underl i e* th e v a l l e y f l o o r s .

Unaor t ed mat er ia l ranging f r o m c l a y through boulder s . Thi ckne s s unknown.
Present only in a few. I s o l a t e d areas of the mountains.

I n c l u d e s ootwaah d e p o s i t s , morainal d e p o s i t s , and g l a c i a l l y s triated bare
ground. Present in the higher e l eva t i on s of both the U a s a t c h Hangs and
t h e H i n t s H o u n t a i f i a .

Planed s u r f a c e s underlain by thin d e p o s i t s of gravel. Thickne s s uncertain.
Present only in southeastern part of s t u d y area.

Ueter-b«arin| p r o p e r t i e s
T h e s e d e p o s i t s f o r m the bast and mnst p r o d u c t i v e a q u i f e r * In

the s t u d y area. Water* t ab l e c o n d i t i o n s p r e d o m i n a t e . Hy-d r a u l i c c o n d u c t i v i t y ranges f r o m J O t o S O f H / d / f t 2 ; e s t i -
mated s p e c i f i c y i e l d ranges f r o m 1 } t o I S p e r c e n t . H o s t
w e l l s and many spring* In the s t u d y area y i e l d water f r o m
chase d e p o s i t s .

R y d r o l o g i c p r o p e r t i e s unknown, but th* s c s t t e r e d s m a l l de-
p o s i t s have no h y d r o l o g l c s i g n i f i c a n c e In the are*.

The email areas of sorted outwash u n d o u b t e d l y store and
transmit some, ground w«ter, but lh» g l a c i a l d e p o i l t s as a

No d a t a concerning h y d r o l o f i c c h a r a c t e r i s t i c s , but not

Heber V a l l e y

H e b e r V a l l e y , on the Provo River , i s the large s t o f the f o u r v a l l e y s i n c l u d e d in the s t u d yarea (pi. 1 and f i g . 1). The v a l l e y f l o o r is r o u g h l y t r i a n g u l a r in p l a n and has an area of about 44square mi l e s . The Provo River enters the v a l l e y at the northern a p e x of the t r i a n g l e and f l o w s outnear the s ou thwes t ern apex. T h r e e s m a l l t r i b u t a r i e s o f the Provo R i v e r — L a k e , C e n t e r , and D a n i e l sC r e e k s — e n t e r the v a l l e y near the southeastern apex, and a f o u r t h t r i bu tary. S n a k e Creek, entersabout midway on the western s ide o f th e v a l l e y . The v a l l e y f l o o r i s t h i c k l y b l a n k e t e d w i thu n c o n s o l i d a t e d debr i s , and each of the t r i b u t a r y streams has b u i l t a s u b s t a n t i a l a l l u v i a l fan at themouth of its canyon.
T w o w e l l s i n H e b e r V a l l e y that pass t h r o u g h t h e ent ire t h i c k n e s s o f u n c o n s o l i d a t e dmater ia l reached c o n s o l i d a t e d rocks at d e p t h s of about 310 f e e t . G e o p h y s i c a l s t u d i e s , however.
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indicate that the maximum thickness of the unconso l idated depo s i t s may exceed 800 f e e t l o c a l l y(see a p p e n d i x , p. 57). The material is poor ly sorted, and because there are no w e l l - d e f i n e d bedsof material of very low or very high p ermeab i l i ty , the unconsolidated v a l l e y fill can be treated asa s ingle , e s s en t ia l ly homogeneous, water-table aquifer.
Aquifer characteristics.-Jhe calculated hydrau l i c conductivity of the a q u i f e r in HeberV a l l e y is about 50 ft'/day/ft* (cubic feet of water per day per square f o o t ) , and thet ransmi s s iv i ty is in the range of 6,700-20,000 f t * / d a y / f t . These values were ca l cu la t ed usingvalues of s p e c i f i c c apac i ty of w e l l s obtained f r om dril lers ' tests and us ing the value forground-water accretion to Deer Creek Reservoir c a l c u l a t e d on page 8. Conven t i ona l a q u i f e r testswere not made because the va l l ey contains no large-capacity wells. «
Drillers' reports for 35 w e l l s in the v a l l e y inc lude the results of p u m p i n g or b a i l i n g tests,g e n e r a l l y of 2 hours d u r a t i o n or less ( t a b l e 3). The s p e c i f i c capaci t i e s determined f r o m these testsranged f r o m 0.2 to 25 gpm ( g a l l o n s per m i n u t e ) per f o o t of drawdown. Because the s p e c i f i ccapac i ty of a we l l i s g r e a t l y i n f l u e n c e d by the we l l c o n s t r u c t i o n — t h i c k n e s s of a q u i f e r pene tra t edand open to the w e l l , method of f i n i s h , method and amount of deve lopment , and a host of otherf a c t o r s — a s well as the duration of the test, the largest s p e c i f i c capacit ie s are p r o b a b l y mostindicative of the po t en t ia l of the aqu i f er . The largest s p e c i f i c capacit ies of w e l l s in Heber V a l l e y(25 gpm per foot of drawdown) were used to ca l cu la t e the a q u i f e r transmis ivi ty by the methodof T h e i s and others ( 1 9 6 3 ) ; the ca l cu la t ed transmis s ivi ty was about 6,700 f t * / d a y / f t .
The ca l cu la t ed ground-water accretion to Deer Creek Reservoir is 47,000 acre-feet peryear (p . 8) . U s i n g Darcy ' s l aw in th e f o r m :

T = 119.4 Q / I L
where Q is the ground-water discharge (47,000 acre-feet per year), I is the s l o p e of the watertable near the reservoir (0.02 foo t per f o o t ) , and L is the l eng th of the reservoir shorelineadjac en t to the v a l l e y fill (13,900 f e e t ) , the transmis s iv i ty, T, is ca l cu la t ed as about 20,000
f t 3 / d a y / f t .

The s p e c i f i c y i e l d o f the a q u i f e r material was estimated f r o m dri l l er s ' logs a s f o l l o w s :Each logged material was assigned a value of s p e c i f i c yie ld and this value was m u l t i p l i e d by thepercent of the total d e p t h logged as that material; the re su l t ing f i g u r e was the weighted s p e c i f i cyield for the given material in that hole. The weighted s p e c i f i c y i e l d s of all the material s reportedin each log were summed to give the average s p e c i f i c y i e ld of all the material d r i l l e d . The valuesof s p e c i f i c yield assigned to the various materials reported by the d r i l l e r s were values that havebeen determined l a r g e l y by h y d r o l o g i s t s in other areas and the in t e rpr e ta t i on of drillers' termsf o l l o w e d the schemes summarized by J o h n s o n (1967, table s 17 and 24).
The s p e c i f i c y i e l d of the u p p e r 30 f e e t of the a q u i f e r material was e s t imated f r o m 20 l og s ;the values of s p e c i f i c y i e ld ranged f rom 8 to 20 percent and averaged about 14 percent. Thes p e c i f i c yield of the total thickness of material penetrated was estimated f r o m 17 log s of thedeepest w e l l s in the val l ey. The total d ep th s of the w e l l s ranged f rom 100 to 225 f e e t andaveraged 144 f e e t ; the values of s p e c i f i c yield ranged f r o m 7 to 21 percent and averaged about 12percent. A c c o r d i n g l y , the value of 14 percent (for the u p p e r 30 f e e t of the m a t e r i a l ) was used tocomput e annual recharge, and the value of 12 percent (for the to tal thickness of the v a l l e y fil l)was used to compute the amount of water in recoverable storage in the a q u i f e r .
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Ground-water budget-The ground-water budget f or th e v a l l e y f i l l in H e b e r V a l l e y i ssummarized as f o l l o w s :

A c r e - f e e tRecharge:
I r r i g a t i o n water and p r e c i p i t a t i o n on thev a l l e y f l o o r .................................. 56.000
S u b s u r f a c e i n f l o w ................................ 30,000i

T o t a l recharge: 86,000

Discharge:
N e t e v a p o t r a n s p i r a t i o n loss ( e v a p o t r a n s p i r a t i o nless p r e c i p i t a t i o n ) ............................... 11,000

To Deer Creek Reservoir . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47,000
To Provo River . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11,000
S u b s u r f a c e o u t f l o w ............................... 17,000

T o t a l d i s charge: 86,000
The d e r i v a t i o n of each of these va lue s is e x p l a i n e d in the f o l l o w i n g sect ions on rechargeand d i s charge .
I n t h e c a l c u l a t i o n s o f recharge a n d d i s c h a r g e (both i n H e b e r V a l l e y a n d i n R h o d e s V a l l e y )the a s sumpt ion is made that p r e c i p i t a t i o n on the v a l l e y f l o o r is e n t i r e l y consumed bye v a p o t r a n s p i r a t i o n . T h i s a s s u m p t i o n i s , o f course, an o v e r s i m p l i f i c a t i o n ; some of the p r e c i p i t a t i o n

reaches the water table as recharge and some runs off as sur fac e water. The ca l cu la t ed t o t a l s forboth recharge and d i s charge are not a f f e c t e d by the s i m p l i f i c a t i o n .
Recharge.-Jhe u n c o n s o l i d a t e d d e p o s i t s in H e b e r V a l l e y are recharged by p r e c i p i t a t i o n

on the v a l l e y f l o o r ; by i n f i l t r a t i o n of sur fac e water, e s p e c i a l l y water spread over the land fori r r i g a t i o n ; and by s ub sur fa c e i n f l o w f r o m th e s u r r o u n d i n g c o n s o l i d a t e d rocks. The amount o frecharge derived f r o m the i n f i l t r a t i o n of p r e c i p i t a t i o n i s smal l and p r o b a b l y occurs p r i m a r i l yd u r i n g the s p r i n g period o f snowmel t . Direct i n f i l t r a t i o n o f water f r o m the Provo River i s a l s os m a l l ; most of the time the Provo River through H e b e r V a l l e y is a g a i n i n g stream and removeswater f r o m the a q u i f e r rather t h a n a d d i n g water to i t .
T h e i n f i l t r a t i o n o f i r r i g a t i o n water i s t h e m a j o r source o f recharge t o t h e v a l l e y f i l l . Mostof the v a l l e y bottom is i r r i g a t e d , and because the i n f i l t r a t i o n rate is r a p i d , each a p p l i c a t i o n ofi r r i g a t i o n water a d d s c o n s i d e r a b l e recharge to the a q u i f e r .
The average annual recharge in H e b e r V a l l e y i s somewhat more t h a n the average annualchange in storage, but the d i f f e r e n c e between annual change in storage and annual recharge
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probab ly is not great. Hence, the average annual change in storage can be used as the budgetestimate for average annual recharge.
The average annual change in storage in the water-table a q u i f e r is equal to the product ofthe annual change in saturated thickness, the s p e c i f i c yield of the a q u i f e r material, and the areaof the aquifer.
Water level s in about 25 w e l l s in all part s of Heber V a l l e y were measured by variousagencies, and were reported by the Provo River Commissioner, d u r i n g the period 1945-60. TheCommissioners' reports d i s t i n g u i s h f o u r subareas or divisions of the va l l ey . The f o u r divisions,their a p p r o x i m a t e areas, and the average annual change of saturated thickness in each divi s ion forthe period 1945-60 ( f r o m the Provo River Commissioners' Annual R e p o r t s ) are tabula t ed below:

Division
Above i r r i g a t i o n
M i d v a l l e y
Lower v a l l e y
River bottom lands

Area
(acres)
3,000

21,000
3,200

800

Average annual change
in saturated thickness

( f e e t )
4.97

25.58
13.52
7.58

i
The estimated average s p e c i f i c y i e ld of the u p p e r 30 f e e t of the a q u i f e r mater ia l s is 14percent; if that estimate and the tabulated f i g u r e s are used in the equation, the computed averageannual change in storage in the unconso l idat ed depo s i t s in Heber V a l l e y is 86,000 acre-feet.
The pr inc ipa l sources of recharge to the v a l l e y fill, as stated earl i er , are i n f i l t r a t i o n ofirrigation water and subsurface i n f l o w f r om the consolidated rocks. N e g l e c t i n g minor sources ofrecharge, the a p p r o x i m a t e contribution f r o m each of the p r i n c i p a l sources can be ca l cu la t ed f r om

the f o l l o w i n g data:
The total amount of water diverted for irr igat ion in H e b e r V a l l e y each year is reported bythe Provo River Commissioner; the average for the period 1945-60 was 87,000 acre-feet per year.
The average amount of water required by crops in the v a l l e y dur ing the i rr iga t i on season( M a y - S e p t e m b e r ) can be ca l cu la t ed by the B l a n e y - C r i d d l e method ( B l a n e y and C r i d d l e , 1962).U s i n g data p u b l i s h e d by the U t a h Sta t e E n g i n e e r ' s o f f i c e ( C r i d d l e and others, 1962) for hay andmixed pastures in Heber V a l l e y , the crop water requirement is ca l cu la t ed as 43,000 acre-feet perirrigat ion season.
Part of the water required by the crops w i l l be f urn i sh ed by p r e c i p i t a t i o n d u r i n g thegrowing season. U s i n g data f r o m the M a y - S e p t e m b e r p r e c i p i t a t i o n map of U t a h (U. S. W e a t h e rBur., 1963), the p r e c i p i t a t i o n on the v a l l e y f l o o r d u r i n g the i r r iga t i on season is ca l cu la t ed as

12,000 acre-feet.
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So the contribution to recharge, in acre-feet, f r om irr igat ion is:
Water diverted for i r r i g a t i o n .............................. 87,000
P l u s p r e c i p i t a t i o n ..................................... +12,000

T o t a l : 99,000
Less crop water requirements ........................... .—43,000

D i f f e r e n c e ( a v a i l a b l e f o r recharge): 56,000 *
And the c on tr i bu t i on f r o m s u b s u r f a c e i n f l o w , in acre-feet, i s: <

T o t a l recharge ........................................ 86,000
Less recharge f r o m irr igat ion ........................... .—56,000

D i f f e r e n c e (recharge f r o m subsurface i n f l o w ) : 30,000
Movement.— The d i r e c t i o n o f ground-water movement t h r o u g h the u n c o n s o l i d a t e dd e p o s i t s i n H e b e r V a l l e y i s shown b y t h e wat er- tab l e m a p ( f i g . 10). I n g enera l , t h e d i r e c t i o n o fmovement is toward the Provo River and d o w n v a l l e y . D u r i n g p e r i o d s of peak stream d i s c h a r g e ,the d ir e c t i on of movement in the immedia t e v i c in i ty of the river p r o b a b l y would be reversed.
The water-table map indicate s that S n a k e Creek, l i k e the Provo River, is g e n e r a l l y ag a i n i n g stream in H e b e r V a l l e y . The three t r i b u t a r i e s f r o m the east ( L a k e , Center , and D a n i e l sC r e e k s ) , however, are l o s i n g streams. The coarse-grained fan d e p o s i t s across which these streamsf l o w as th ey enter the v a l l e y are at a l t i t u d e s well above the main v a l l e y f l o o r , and the water t a b l ei s several tens of f e e t below the sur fac e o f the f a n s (fig. 1 1 ) . The increased d e p t h to water in thearea of these a l l u v i a l f a n s r e f l e c t s the higher a l t i t u d e of the land surface; the s l o p e of the watert a b l e beneath the f a n s is about the same as the s l o p e of the water t a b l e elsewhere in the v a l l e y

( f i g . 10).
Water-level fluctuations.— The water level in w e l l s in H e b e r V a l l e y f l u c t u a t e s in responseto the seasonal recharge-di s charge cyc l e (figs. 11 and 12 and t a b l e 7). G e n e r a l l y the water t a b l e ish i g h e s t in la t e May or e a r l y J u n e and g r a d u a l l y d e c l i n e s t h r o u g h the summer, fa l l , and winter.The lowest level of the year is c ommonly reached in F e b r u a r y or March, s h o r t l y b e f o r e the s p r i n gthaw. W i t h the coming of the thaw and the heavy s p r i n g r u n o f f , the water t a b l e rises r a p i d l y , and

again reaches a high in May or J u n e . T h i s seasonal rise and fall of the water level is i l l u s t r a t e d byt h e g r a p h o f w e l l (D-4-4)14abb-1 ( f i g . 12).
M a n ' s a c t i v i t i e s have somewhat a l t e r ed t h e cyc l e i n H e b e r V a l l e y . O n e e f f e c t i s t h e

i n t e r m i t t e n t a d d i t i o n o f recharge by i r r i g a t i o n d u r i n g t h e growing season. In we l l (D-4-4)23bcc-1(fig. 13), the smooth summer d e c l i n e of the water level is i n t e r r u p t e d by many s m a l l but rap idrises, each r e s u l t i n g f r o m the r a p i d i n f i l t r a t i o n o f i r r i g a t i o n water a p p l i e d t o nearby f i e l d s . Asecond e f f e c t of man's act ivi t ie s is shown by the same g r a p h — n e a r Deer Creek Reservoir thewater level in the a q u i f e r i s c o n t r o l l e d by the water l eve l in the reservoir (fig. 1 3 ) . E x c e p t for the
minor f l u c t u a t i o n s f r o m i r r i g a t i o n d u r i n g the growing season, the g r a p h of the water l eve l in thew e l l is a subdued image of the g r a p h of the water level in the reservoir.

C o m p a r i s o n o f the long-term g r a p h s with the g r a p h o f d e p a r t u r e f r o m normalp r e c i p i t a t i o n at H e b e r (f ig. 12) shows that the a q u i f e r i s in a s ta t e o f e q u i l i b r i u m , w i t h recharge
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S i l v e r ,O ( a b a n d o n e d )ii^

B a s e f r o m U . S . G e o l o g i c a l S u r v e y1 : 2 5 0 . O D D ( A M S ) s e r i e s : S a l t L a k e
C i t y , U t a h ; W y o m i n g ( 1 9 6 3 )

E X P L A N A T I O N

W a t e r - l e v e l c o n t o u r
Dashed where approximate. Contour interval50 feet. Datum is mean sea level•

O b s e r v a t i o n w e l 1
eO t h e r w e l l used f o r c o n t r o l

B o u n d a r y o f v a l l e y f i l l
F i g u r e 1 0 . — M a p o f H e b e r V a l l e y showing water-level contours inS e p t e m b e r 1967.
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20-60 M o r e t h a n 110
B o u n d a r y o f v a l l e y f i l l

F i g u r e 1 1 . — M a p s o f H e b e r V a l l e y showing d e p t h s t o water i n J a n u a r y 1967(near seasonal l o w ) and J u n e 1967 (near seasonal h i g h ) .
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F i g u r e 1 2 . — W a t e r levels in selected we l l s in Heber V a l l e y and cumulat ived e p a r t u r e f r o m the 1931-60 normal annualp r e c i p i t a t i o n at Heber .

^

about balanced by discharge. Very wet or very dry years are r e f l e c t ed by u n u s u a l l y high or lowwater l eve l s , but the peaks of each g r a p h c lu s t er about an average l ine , and there is no i n d i c a t i o nof a s i g n i f i c a n t long-term change in water l ev e l s in H e b e r V a l l e y .
Storage.—The total volume of water in storage in an a q u i f e r can be calculated bym u l t i p l y i n g the total vo lume of the a q u i f e r by the total p o r o s i t y of the a q u i f e r m a t e r i a l , but sucha f i g u r e is of l i t t l e va lue , because part of the water in an a q u i f e r is h e l d t i g h t l y by m o l e c u l a rforces and cannot be recovered. The recoverable water in storage, that is, the volume of waterthat can be removed f r o m storage by we l l s , is equal to the product of the volume of the a q u i f e rand the s p e c i f i c y i e l d of the a q u i f e r material s . It is d i f f i c u l t to get an accurate estimate of thetotal volume of a l l u v i a l f i l l in a v a l l e y , but the volume of water t h e o r e t i c a l l y recoverable f r o m

the u p p e r 100 f e e t of the aqu i f e r can be calculated.
A v a i l a b l e i n f o r m a t i o n on the thickness o f the v a l l e y f i l l in H e b e r V a l l e y i n d i c a t e s that i tex t ends at least 50 f e e t below the water tab l e under most of the v a l l e y and at least 100 f e e t
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below the water tab l e under at least two- th ird s of the v a l l e y . The average s p e c i f i c y i e l d of thea q u i f e r material to a d e p t h of 100 f e e t is estimated as 12 percent. Us ing these f i g u r e s , the volumeof water t h e o r e t i c a l l y recoverable f r o m dewatering 100 f e e t of the unconso l ida t ed d e p o s i t s inHeber V a l l e y i s ca l cu la t ed thus:
28,000 acres x 50 f e e t x 12 percent = 170,000 acre-fee t ( a p p r o x i m a t e l y ) for the u p p e r 50feet and;
28,000 acres x 50 f e e t x 0.66 x 12 percent -next 50 f e e t ;
total 170.000 + 110,000 = 280,000 acre-feet.

110,000 acre-feet ( a p p r o x i m a t e l y ) for the

The statement that 280,000 acre-feet of water is t h e o r e t i c a l l y recoverable f r o m the u p p e r100 f e e t of v a l l e y fill in H e b e r V a l l e y shou ld not be construed to mean that it is p r a c t i c a b l e ,under present c o n d i t i o n s , to recover all, or any sub s tant ia l par t , of that amount. The c a l c u l a t e d280,000 acre-feet of water could be removed only by dewater ing the upper 100 fee t of thea q u i f e r . However , the ground water in the v a l l e y f i l l and the s u r f a c e water in the Provo River andits t r i b u t a r i e s are two par t s of a system that is p r e s e n t l y in d y n a m i c equ i l i b r ium. E f f o r t s todewater any part of the a q u i f e r w o u l d , of course, upse t that e q u i l i b r i u m , and would havef a r - r e a c h i n g e f f e c t s on the system. T h i s p o i n t is discussed in greater d e t a i l on pages 46-47.

/ • W e l I ( D - 4 - 4 ) 2 3 b c c - 1

M a y J u n e J u l y A u g . S e p t . O c t . N o v . D e c .
1 967

J a n . F e b . M a r . A p r . M a y J u n e J u l y
1 9 6 8

F i g u r e 1 3 . — W a t e r l eve l s in well (D-4-4)23bcc-1, near the south endof H e b e r V a l l e y , and water stage in Deer Creek Reservoir.
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Discharge.— Ground water is discharged f r o m the uncon so l i da t ed d e p o s i t s in Heber V a l l e yby p u m p i n g f r o m we l l s , by e v a p o t r a n s p i r a t i o n , by e f f l u e n t seepage, and p r o b a b l y by sub sur fac eo u t f l o w through the surrounding conso l idated rocks.
The total volume of water p u m p e d f r o m w e l l s in the v a l l e y is very s m a l l , and there havebeen no drastic changes in irrigation practice for many years; hence the long-termrecharge-discharge regimen is f a i r l y stable and should be in balance. The average annual discharge,ther e f or e , should be about 86,000 acre-feet per year.
The total evapotranspirat ion f r o m Heber V a l l e y , c a l c u l a t e d by th e B l a n e y - C r i d d l e method( B l a n e y and G r i d d l e , 1962) is about 81,000 acre-feet per year, ( e v a p o r a t i o n f r o m Deer CreekReservoir is not i n c l u d e d in t h i s amount). Part of the e v a p o t r a n s p i r a t i o n loss is the p r o p waterrequirement and is s u p p l i e d by irr igat ion water and summer p r e c i p i t a t i o n (p. 2 8 ) ; and ac cord ingto the a s s umpt i on made on page 27, part of the loss w i l l be s u p p l i e d by the winter p r e c i p i t a t i o n .The net e v a p o t r a n s p i r a t i o n loss f r o m the ground-water body, t h e r e f o r e , is c a l c u l a t e d as f o l l o w s :

Acre-f e e tT o t a l evapotranspirat ion ............................ 81,000
Less crop water requirement( i r r i g a t i o n water and M a y - S e p t e m b e rp r e c i p i t a t i o n ) ................................. .—43,000Less O c t o b e r - A p r i l p r e c i p i t a t i o n .................... .—27,000

Net evapotranspirat ion loss of groundwater ....................................... 11,000
Ground-water discharge by e f f l u e n t seepage i n c l u d e s the accretion to Deer CreekReservoir (47,000 acre-feet per year, p. 8) and the d i s charge to the Provo River (11,000acre-feet per year, p. 1 2 ) . Ground-water d i s charge to the Provo River a p p a r e n t l y occurst h r o u g h o u t the l e n g t h of the river in the v a l l e y .
The total d i s charge f r o m the f o r e g o i n g c a l c u l a t i o n s is 69,000 acre-feet per year, or 17,000acre-feet less than the average annual recharge. No direct evidence of subsurface discharge f r omthe v d l l e y fill has been f o u n d , but th i s unbalance in the recharge-discharge ca l cu la t i on mayindicate such subsurface discharge.
T h u s the average annual di scharge, in acre-feet, f r o m the u n c o n s o l i d a t e d d e p o s i t s i s:

Net evapo transp ira t i on loss .......................... 11,000
To Deer Creek Reservoir ............................ 47,000
To Provo River .................................... 11,000
S u b s u r f a c e o u t f l o w ................................ 17,000

T o t a l discharge ................................ 86,000
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Chemical Quality.-M\ the water sampled f r o m the unconso l idated d epo s i t s in HeberV a l l e y was chemically suitable for domestic use, according to the s tandards of the U. S. P u b l i cH e a l t h Service, a l though 2 sample s of s u l f a t e type water and 1 sample of mixed type weresomewhat above the o p t i m u m in d i s s o lved s o l i d s , and all s a m p l e s were hard to very hard. Thewater is s a t i s f a c t o r y for stock or for irr igat ion.
Chemical analyses of 10 sample s of water f r o m the unconsolidated depos i t s in HeberV a l l e y are reported in t a b l e 5. The lo ca t ions f r o m which the s a m p l e s were c o l l e c t e d andd i a g r a m m a t i c r epre s en ta t i on s of the concentrations of the p r i n c i p a l d i s s o lv ed s o l i d s in some of ^the s ampl e s are shown on p l a t e 3. ^
Seven of the 10 sampl e s were calcium bicarbonate t y p e water, with di s so lved s o l i d s irang ing f r o m 187 to 446 mg/l. The hardness of the 7 sample s ranged f r o m 144 to 324 mg/l, in Jthe hard to very hard range. S i l i c a concentration ranged f r o m 12 to 43 mg/l; the s a m p l e s thatwere high in s i l i c a came f r o m the east side of the v a l l e y , where the rocks f o r m i n g the v a l l e y wallare p r e d o m i n a n t l y volcanic.
Two of the 10 s a m p l e s were ca l c ium s u l f a t e water, and both contained more d i s s o lv eds o l i d s than the ca lc ium bicarbonate water. One of these s a m p l e s came f r o m a we l l at the northend of the v a l l e y , very near the o u t c r o p p i n g of the T r i a s s i c shales , and the water was s i m i l a r tothat f o u n d in the shales ( d i a g r a m 2, fig. 9). The concentration of di s solved s o l i d s of thi s s a m p l ewas 727 mg/l and the hardness was 464 mg/l. The other s a m p l e of s u l f a t e t y p e water came f rom awe l l near M i d w a y . T h a t w e l l t a p s a l ayer of gravel over la in by t u f a , and the water is s i m i l a r towater f r o m the hot pot s , but more d i l u t e . The s a m p l e contained 1,160 mg/l d i s s o l v e d s o l i d s , andthe hardness was 770 mg/l.
One of the 10 sampl e s was a ca l c ium bicarbonate s u l f a t e t y p e water. T h a t s a m p l e camef r o m a s h a l l o w dug we l l in the t u f a d e p o s i t s near M i d w a y , and the water a p p e a r s to be a m i x t u r eof hot pot t y p e water and the d i l u t e ca lc ium bicarbonate t y p e water commonly f o u n d in thev a l l e y f i l l . The concentration of di s so lved s o l i d s in the s a m p l e was 661 mg/l and the hardness was434 mg/l.

Rhodes V a l l e y

Rhodes V a l l e y , the second largest of the f o u r v a l l e y s in the s tudy area, is nearlyr e c t a n g u l a r in p l a n , with the l o n g axis of the r e c tangle oriented about north-south (pi. 1 and f ig.1). The area of the v a l l e y f l o o r i s about 39 square miles. The Weber River f l o w s westward acrossthe north end of the v a l l e y , enter ing and l eaving through narrow canyons. The p r i n c i p a l dra inageof the v a l l e y is by Beaver Creek, which enters the v a l l e y f rom the east near the south end, f l o w snorthwestward, and j o i n s the Weber River where that stream leaves the v a l l e y . At the south end.Rhode s V a l l e y t erminate s in a b l u f f that overlooks the Provo River.
The a l l u v i a l fill depo s i t ed in Rhodes V a l l e y by the Provo River (see p. 5-7) is p r o b a b l ymore than 300 fee t thick under most of the v a l l e y . In a d d i t i o n , a s izeable a l l u v i a l fan has beenf o r m e d where the Weber River enters the v a l l e y , and s m a l l e r f a n s mark the mouths of Beaver

Creek Canyon and H o y t Canyon.
W h e n the u p p e r Provo River changed course, the stream entrenched i t s e l f in its f o r m e r

v a l l e y f l o o r . T h u s nearly 100 f e e t of unconso l idated material is exposed in the north side of theProvo Canyon at the south end of Rhodes V a l l e y (fig. 14a). The material i s p o o r l y sorted and
o n l y w e a k l y s t r a t i f i e d ( f i g . 14b).
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T o t a l evapotranspirat ion ( B l a n e y - C r i d d l e me thod) ............... 72,000
Less crop water requirement ( i r r i g a t i o n and May-Sept ember p r e c i p i t a t i o n , f r o m page 37) ................. —40,000
Less O c t o b e r - A p r i l p r e c i p i t a t i o n f r o m p r e c i p i t a t i o nmap, pi. 2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -22,000
Net e v a p o t r a n s p i r a t i o n loss of ground water: .................. 10,000

Long-term discharge records of the streams travers ing the v a l l e y , f r o m whichground-wa t e r d i s c h a r g e by e f f l u e n t s e epage could be c a l c u l a t e d , are not a v a i l a b l e . M o s t of thev a l l e y b o t t om b o r d e r i n g Beaver Creek i s marshy and c on ta in s abundant s p r i n g s and s e ep s; mostof the g r o u n d - w a t e r d i s charge to streams p r o b a b l y goes to Beaver Creek. A few s p r i n g s are f o u n din the b luf f o v e r l o o k i n g the Provo River, and the Provo i s g e n e r a l l y a g a i n i n g stream in the reachbetween the g a g i n g s ta t ions near W o o d l a n d and near H a i l s t o n e (p. 1 0 ) . T h e e s t imated minimumaverage annual di s charge to Beaver Creek, Weber River, and Provo River is 12,000 acre-feet peryear.
Chemical quality.—Chemical analyse s of two s a m p l e s of water f r o m w e l l s that tap theu n c o n s o l i d a t e d d e p o s i t s in Rhode s V a l l e y are r epor t ed in t a b l e 5. Both s a m p l e s were d i l u t ec a l c i u m b i carbonate t y p e water. One s a m p l e , f r o m a w e l l near the sou th end of the v a l l e y andvery near an o u t c r o p p i n g o f th e T e r t i a r y vo l can i c rocks, conta ined 289 m g / l d i s s o l v e d s o l i d s . T h i swater was r e l a t i v e l y h igh in s i l i c a (40 mg/ l) and conta ined about equal c o n c e n t r a t i o n s o f s u l f a t eand c h l o r i d e (14 and 13 m g / l , r e s p e c t i v e l y ) . The water is e v i d e n t l y a f f e c t e d by recharge f r o m thenearby volcanic rocks.
The second s a m p l e of water was f r o m a we l l near the north end of the v a l l e y , d i s tan tf r o m the vo l can i c rocks. T h i s water contained 205 m g / l of d i s s o l v e d s o l i d s , was low in s i l i c a (5.5m g / l ) , and contained about f o u r t ime s as much s u l f a t e as c h l o r i d e (13 and 3.9 m g / l , r e s p e c t i v e l y ) .S u b s u r f a c e recharge that a f f e c t s t h i s water comes f r o m th e s and s t one s and l i m e s t o n e s o f J u r a s s i cage and o l d e r .
T h e s e two s a m p l e s are p r o b a b l y t y p i c a l of the water f r o m the u n c o n s o l i d a t e d d e p o s i t s in

Rhodes V a l l e y . The water, a l t h o u g h hard, i s qui te s u i t a b l e f or domes t i c , l ive s tock, and i r r i g a t i o n
use.

P a r l e y s Park

P a r l e y s Park i s t h e name given t o th e broad, g e n t l y r o l l i n g f la t north o f Park C i t y (see p i .1 and f i g . 1). A r i d g e o f l ow h i l l s , e x t e n d i n g eas t-north east f r o m Quarry M o u n t a i n , d i v i d e s th esouth end of the park into two arms. The narrow eastern arm is the v a l l e y of S i l v e r Creek, whichheads in E m p i r e Canyon south of Park C i t y , f l o w s around the east side of Quarry M o u n t a i n ,continues northeast, and j o i n s the Weber River about 2 mi l e s north of W a n s h i p Dam. The widerwestern arm and the broad f l a t north and west of the h i l l s drains to East Canyon Creek. EastCanyon Creek rises in the mountains north of P a r l e y s Park and f l o w s through the northern partof the p a r k , c o l l e c t i n g the water of several smal l streams that f l o w g e n e r a l l y northward t h r o u g hthe park. The creek then turn s northward t h r o u g h a narrow canyon and j o i n s the Weber Riverabout 20 m i l e s north of P a r l e y s Park.
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U n c o n s o l i d a t e d d epo s i t s cover only about 21 square mi l e s of P a r l e y s Park a long S i l v e rand East Canyon Creeks and in the f l a t s northwest of Quarry M o u n t a i n ( p i . 2); the rest of thepark is u n d e r l a i n by conso l ida t ed rocks, p r i n c i p a l l y the T e r t i a r y vo l canic rocks and the K n i g h tConglomerat e . L i t t l e i n f o r m a t i o n is a v a i l a b l e about the thickness of the unconso l idated depo s i t s .The contact between the uncon so l i da t ed material and the u n d e r l y i n g volcanic rocks or K n i g h tC o n g l o m e r a t e i s dif f icult to recognize in boreholes, and d r i l l e r s o f t e n fail to recognize thecontact. The d i f f e r e n c e s in d e n s i t y between the u n c o n s o l i d a t e d d e p o s i t s and the u n d e r l y i n gmater ia l are too smal l to give conclus ive r e su l t s by grav i ty methods. The best i n f o r m a t i o na v a i l a b l e suggests^ maximum thickne s s of about 1 00 f e e t and an average th i ckne s s of aboufBO- - - •
The u n c o n s o l i d a t e d d e p o s i t s in P a r l e y s Park, a s in H e b e r V a l l e y and Rhodes V a l l e y ,consist of a p o o r l y sorted mix ture of mater ial rang ing in size f r o m c l a y to cobbles. T h e r e a p p e a rto be no w e l l - d e f i n e d beds of mater ia l of very h i g h or very low p e r m e a b i l i t y , and no i n d i c a t i o n sof the exi s tence of ar t e s ian c o n d i t i o n s . T h g j j n r n n s Q l i r i ^ t e d depos i t s^are sa turated to w i t h i n a fewf e e t of the land s u r f a c e with unconf ined ground water.
T h e r e are very few w e l l s in the u n c o n s o l i d a t e d d e p o s i t s of P a r l e y s Park to prov id e a basisf or e s t i m a t i n g th e t r a n s m i s s i v i t y and s p e c i f i c y i e l d o f t h e a q u i f e r . The s p e c i f i c c a p a c i t y o f onewe l l is reported as 20 gpm per f o o t of drawdown; such a s p e c i f i c c a p a c i t y sugge s t s an a q u i f e rt r a n s m i s s i v i t y of about 4,670 ft 3/d/ft . The a q u i f e r at the w e l l l o c a t i o n is about 100 f e e t t h i c k ,g i v i n g an e s t imat ed h y d r a u l i c c o n d u c t i v i t y of about 50 f t 3 / d / f t 2 — a b o u t the same as the va luederived f o r s i m i l a r mater ia l i n H e b e r V a l l e y . T h e f e w d r i l l e r s ' l o g s a v a i l a b l e a r e n o t s u i t a b l e f o rc a l c u l a t i n g s p e c i f i c y i e l d by the method used in H e b e r V a l l e y and Rhode s V a l l e y ; however, ane s t imate of 15 percent, based on the values derived in the other areas, is p r o b a b l y in the r igh trange.
Recharge to the u n c o n s o l i d a t e d d e p o s i t s in P a r l e y s Park comes p r i m a r i l y f r o m the directi n f i l t r a t i o n o f p r e c i p i t a t i o n on the p a r k and r u n o f f f r o m the s u r r o u n d i n g mounta in s , ands e c o n d a r i l y f r o m sub sur fa c e i n f l o w t h r o u g h the c o n s o l i d a t e d rocks.. A v a i l a b l e data on the annualrange of water-level f l u c t u a t i o n s are too scanty to permit a direct estimate of the average annualrecharge. The p r o b a b l e minimum recharge i s i n d i c a t e d by the e s t imated e v a p o t r a n s p i r a t i o n {seeb e l o w ) .
The in f e r r ed direc t ion of ground-water movement in Parleys Park is shown in f i g u r e 17.W a t e r in the eastern arm of the park moves toward S i l v e r Creek and down the v a l l e y . In thewestern arm of the park , ground water moves g e n e r a l l y northward toward East Canyon Creek.Each of the s m a l l t r i bu tar i e s of East C a n y o n Creek that crosses the park is a g a i n i n g stream,however, and l o c a l l y ground water moves toward each of these streams.
The water-level f l u c t u a t i o n s in we l l ( D - 1 - 4 ) 3 1 b d b - 1 were observed f r o m 1936 to 1948;the w e l l was de s troyed in 1948. Well ( D - 1 - 4 ) 3 1 a d b - 1 was monitered by an a u t o m a t i c water-levelrecorder that was i n s t a l l e d in October 1966 and operated i n t e r m i t t e n t l y through 1968. G r a p h s ofwater l e v e l s in these w e l l s are shown in f i g u r e 18. The short-term record of we l l ( D - l - 4 } 3 1 a d b - 1shows annual f l u c t u a t i o n s of more than 17 f e e t , but the l o n g e r record of we l l ( D - l - 4 ) 3 1 b d b - 1shows no sub s tan t ia l l ong- t e rm change in the p o s i t i o n of the water tab l e .
Any c a l c u l a t i o n of the amount of water a v a i l a b l e f r o m storage in the u n c o n s o l i d a t e dd e p o s i t s of P a r l e y s Park can be o n l y a rough estimate. The maximum d e p t h to water recorded inw e l l ( D - 1 - 4 ) 3 1 a d b - 1 was nearly 20 f e e t ; if the average th i ckne s s of the u n c o n s o l i d a t e d d e p o s i t s is60 f e e t , the average saturated thickness (when the water tab l e is lowes t) is about 40 fee t . If the
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B o u n d a r y o f u n c o n s o l i d a t e d d e p o s i t s

F i g u r e 1 7 . — M a p o f P a r l e y s Park showing a p p r o x i m a t e d i r e c t i o n o f ground-watermovement t h r o u g h the unconsol idated d e p o s i t s .
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F i g u r e 1 8 . — G r a p h s o f water l ev e l s in w e l l s t a p p i n g th e unconso l ida t edd e p o s i t s in P a r l e y s Park.

saturated thickness is 40 f e e t , the area 21 square mi l e s (about 13.000 acres), and the s p e c i f i cy i e l d 15 percent, the volume of recoverable water in storage is about 80,000 acre-feet. As in theother c a l c u l a t i o n s of storage, t h i s volume of water is t h e o r e t i c a l l y recoverable by dewatering thea q u i f e r ; dewatering the a q u i f e r , however, may not be p r a c t i c a b l e in the f o r e s e eab l e f u t u r e .
The combined discharge from w e l l s and d i s c r e t e s p r i n g s in the uncon s o l i da t ed d epo s i t s inP a r l e y s Park is smal l . Large seeps or marshy areas are common in the park, however, e s p e c i a l l ydur ing the summer months; and these areas di scharge large quant i t i e s of ground water byevapotranspirat ion. The total evapotranspirat ion f r o m the park is ca l cu la t ed by theB l a n e y - C r i d d l e method as 43,000 acre-fee t per year based on air t empera ture s measured at ParkC i t y d u r i n g the period 1921-50. Ground water is also d i s charged d i r e c t l y to S i l v e r Creek and toEast Canyon Creek and its tributaries; all the streams in the park a p p e a r to be ga in ing streamsmost of the year. It i s p o s s i b l e that water also moves f r o m the u n c o n s o l i d a t e d d e p o s i t s in to the^consolidated rocks at the north end of the park.
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F R O M : f T l U P . L**>™rr.*i _______ L A B :

P R O J E C T C O D E : R g . - g . S Q S - 2 7 P R O J E C T N A M E : £ l f U J ^ Fl.4 T . . U .
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Y E S X NO__ I f N o , explain:________________

D i d Q u a l i t y C o n t r o l f o r a l l s a m p l e s meet l a b o r a t o r y a c c e p t a n c e c r i t e r i aY E S X N O . I f N o , explain:__________________________

W h a t c o r r e c t i v e a c t i o n s were t a k e n :

A n y u n u s u a l c h a r a c t e r i s t i c s o f s a m p l e ( s ) C o l o r , T u r b i d i t y , S e d i m e n t , Odor ,P h a s e S e p a r a t i o n s : Y E S _ _ _ NO__. I f N o , p l e a s e e x p l a i n _ _ _ _ _ _
K i p

W e r e s a m p l e s c o l l e c t e d p r o p e r l y C o r r e c t c o n t a i n e r t y p e , : P r e s e r v a t i o n , t a g sp r o p e r t y f i l l e d o u t a n d a t t a c h e d : C o n t a i n e r s c l e a n p r o p e r v o l u m e : C o n t a i n e rl e k a g e , etc. Y E S ' - f g | > « t f ' - N O X •••. I f N o , explain:________________
rT' •"='»'** -v *T"_vT"» ^£»ri-4. —— Q»^Lr\-i ^uJ i/j : M J-T?>

D i d l a b o r a t o r y rece ive a d e q u a t e a d v a n c e n o t i c e o f s a m p l e a r r i v i n g ? : C o m p l e t e dL S R F o r m s w i t h e x p e c t e d d a t e s , s t a t i o n s , p a r a m e t e r s ? : Y E S X NO___.I f N o , explain:__________________________________________
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U N I T E D S T A T E S E N V I R O N M E N T A L P R O T E C T I O N A G E N C Y
R E G I O N V I I I

O N E D E N V E R P L A C E — 9 9 9 1 8 T H S T R E E T - S U I T E 1300
D E N V E R , COLORADO 80202-2413

OCT c 1985

R e f : 8 E S

E c o l o g y a n d E n v i r o n m e n t , I n c .4105 E . F l o r i d a A v e n u e , S u i t e 3 5 0Denver, C o l o r a d o 80222
A t t n : S u s a n K e n n e d y
Dear S u s a n :

As we d i s c u s s e d in our October 3 t e l e p h o n e c o n v e r s a t i o n , I am p r o v i d i n gy o u w i t h a p a r t i a l r e l e a s e o f d a t a f o r R i c h a r d s o n F l a t s T a i l i n g s .
I n c l u d e d are: to ta l m e t a l s , d i s s o l v e d m e t a l s , c y a n i d e a n d s u l f a t ea n a l y s e s f o r f o u r ground water s t a t i o n s ; mercury a n d perc ent s o l i d s f o r s i xs o i l s t a t i o n s . The s a m p l e s were taken A u g u s t 2 and were a n a l y z e d f o r c y a n i d eo n A u g u s t 2 7 , wh i ch d i d exceed t h e f o u r t e e n d a y h o l d i n g t ime .
Yet t o b e c o m p l e t e d are: t o t a l m e t a l s f o r th e s i x s o i l s t a t i o n s . T h e s er e s u l t s s h o u l d be a v a i l a b l e around October 8. At t h a t t i m e , we w i l l p r o v i d e af u l l , f i n a l d a t a p a c k a g e t o y o u that w i l l s u p e r s e d e t h i s p a r t i a l re l ease .P l e a s e c a l l me i f you have any q u e s t i o n s .

S i n c e r e l y ,

J o a n K . Barne s , A c t i n g C h i e fA n a l y t i c a l S u p p o r t Branch
E n c l o s u r e s
c c : K e i t h S c h w a b ( W / 0 E n c l o s u r e )• K e l s e y L a n d ( W / 0 E n c l o s u r e )
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Ĵ^/

D A T E
T I M E I/

__S U B J E C T

S U M M A R Y O F C O M M U N I C A T I O N

C O N C L U S I O N S . A C T I O N T A K E N O R R E Q U I R E D S

I N F O R M A T I O N C O P I E S
T O :

E R A F o r m 13004 (7-72) R E P L A C E S E P A H Q F O R M B S O O - S W H I C H M A Y B E U S E D U N T I L S U P P L Y i s E X H A U S T E D .



y f ^ / A ^
RECORD OFC O M M U N I C A T I O N

Q D I * C U S S » O N Q F I E L D T R H - " ^ C O N F E R E N C E
Q O T H E R < S « C I F V >

(Record of item checked »bov«)
T O : F R O M :

T I M E

S U B J E C T T
S U M M A R Y O F C O M M U N I C A T I O N

x^-Cc j£^iS~s^J2^> /" <^-

C O N C L U S I O N S . A C T I O N T A K E N O R R E Q U I R E D S

J N F O R M A T I O N C O P I E S
TO:

E P A F o r m 13004 ( 7 - 7 J ) R E P L A C E S E P A H O F O R M ssoo-s W H I C H M A Y B E U S E D U N T I L S U P P L V i s E X H A U S T E D .



R E C O R D OFC O M M U N I C A T I O N
C A L L Q D I S C U S S I O N Q f E L D ' T m r

D OTHEB tsrcciFYt ^ , .) .f 3>
C O N F E R E N C E

(Record of I t e m ch*ck*d tbove)
FROM D A T E

T I M E

S U B J E C T _ , zy-
S U M M A R Y O F C O M M U N I C A T I O N

C O N C L U S I O N S . A C T I O N T A K E N O R R E Q U I R E D

I N F O R M A T I O N C O P I E S
TO:

E P A For™ 13OO-4 (7-72) R E P L A C E S E P A H Q F O R M ssoo-s W H I C H M A Y B E U S E D U N T I L S U P P L Y i s E X H A U S T E D .



RECORD OFC O M M U N I C A T I O N
Q ^ H O N E C A L L Q o t S C U S S I O N Q F I E L D T R I P
D O T H E R ( S P E C I F V )

"&>LQ C O N F E R E N C E

(Record of I t e m checked ibov*)T 0 :
D A T E

T I M E

S U B J E C T
v^?rr/$/*^»? dsYVUst'** tff "§0̂ -̂ ff

S U M M A R Y O F C O M M U N I C A T I O N
' ^ i _

C O N C L U S I O N S . A C T I O N T A K E K O R R E Q U I R E D

I N F O R M A T I O N C O P I E S
TO:

E P A F o r m 13004 (7-72) R E P L A C E S E P A H Q F O R M s j o o - s W H I C H M A Y B E U S E D U N T I L S U P P L Y i s E X H A U S T E D .



RECORD OFC O M M U N I C A T I O N
p D I * C U S S I O N Q F I E L D T R I P

Q F E C I F Y )
(R*cordT0: F R O M

A *&J-
D A T E
T I M C

\ SUBJECT

i S U M U A M Y O r C O M M U N I C A T I O N

l/U/Ul^ a^6-J^j2 L^^— ,--xvt-<sW tMLA-4sv /M^, .xxtxi/«
{^>cufrl^ t£/v&«ASsv* friU /}~^JU-t<L d*~**&-!
ft <&Wi<>-h'S<tm- ^̂ "̂ x/r?M- ^•c/Lfl-^^-^ -̂ <̂V

V J

, Mj-J^~J-e~<^—-_b^f-^i^jLJt i^-t f-^jntr. $J?sv^

C O M C L U S I O N S . A C T I O N T A K E N O R R E Q U I R E D

I N F O R M A T I O N C O P I E S
TO:

F*n* 1300* (7-721 » « E P I . » C E » E P A M Q F O « M s j o o - i W H I C H M A Y B E U S E D U N T I L S U P P L Y i » E X H A U S T E D .



£*S/3L

t U M t t A R Y O F C O M M U N I C A T I O N

C O M C L U S I O N S . A C T I O N T A K E N O R R E Q U I R E D

I N F O R M A T I O N C O P I E S
TO:

E P A F « f « 1300.4 17-72) " E P L A C E * E P A H Q r oRM esoo-s W H I C H M A Y B E U S E D U N T I U S U P P L Y i s E X H A U S T E D .


